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Abstract: Over the past several decades, there has been a resurgence of 
interest in industrial hemp (Cannabis sativa L., Cannabaceae) 
cultivation. Besides fibre, seeds and oil, hemp contains high quantity of 
essential oil (EO). Hop (Humulus lupulus L., Cannabaceae) is a high-
climbing, perennial vine, largely utilized in the brewing industry to add 
flavour and bitterness to beer. While it is known that hop also contains 
α- and ß-acids, and terpenes that have been found to be toxic, anti-
feedant, and repellent for insects and mites, little is known about the 
bioactivity against problematic species of the hemp essential oil. In 
this study, the chemical composition of the EOs from C. sativa and H. 
lupulus was evaluated by GC-MS, and their acute toxicity was assessed 
against, the Asian tiger mosquito Aedes albopictus (Skuse) (Diptera 
Culicidae) and, the freshwater bladder snail Physella acuta (Draparnaud) 
(Mollusca Physidae), two problematic invasive species. Furthermore, we 
evaluated the toxicity of both EOs against a non-target insect, the 
mayfly Cloeon dipterum L. (Ephemeroptera Baetidae). Both EOs were toxic 
against the three tested species. The most effective EO was the C. 
sativa, able to kill 100% of P. acuta snails starting from 100 μL L-1. C. 
sativa LC50 were 301.560, 282.174 and, 35.370 μL L-1, while H. lupulus 
LC50 were 330.855, 219.787 and, 118.653 μL L-1 against A. albopictus, C. 
dipterum and P. acuta, respectively. Relative median potency analysis 
showed that the C. sativa EO was more toxic than H. lupulus against A. 
albopictus and P. acuta, while H. lupulus was more toxic than C. sativa 
EO against C. dipterum. The most susceptible species to the two EOs was 
P. acuta, while A. albopictus resulted the least susceptible one. 
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HIGHLIGHTS 1 
 2 
 Hemp and hop EOs are mosquitocidal and molluscicidal 3 
 Hemp essential oil was very effective in killing the invasive snail Physella acuta 4 
 The non-target mayfly, was less affected than the target P. acuta by hemp EO 5 
 EOs based pesticides could be a new industrial use of hemp and hop 6 
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 2 
ABSTRACT 1 
 2 
Over the past several decades, there has been a resurgence of interest in industrial hemp (Cannabis 3 
sativa L., Cannabaceae) cultivation. Besides fibre, seeds and oil, hemp contains high quantity of 4 
essential oil (EO). Hop (Humulus lupulus L., Cannabaceae) is a high-climbing, perennial vine, largely 5 
utilized in the brewing industry to add flavour and bitterness to beer. While it is known that hop also 6 
contains α- and ß-acids, and terpenes that have been found to be toxic, anti-feedant, and repellent for 7 
insects and mites, little is known about the bioactivity against problematic species of the hemp essential 8 
oilEO. In this study, the chemical composition of the EOs from C. sativa and H. lupulus was evaluated 9 
by GC-MS, and their acute toxicity was assessed against, the Asian tiger mosquito Aedes albopictus 10 
(Skuse) (Diptera Culicidae) and, the freshwater bladder snail Physella acuta (Draparnaud) (Mollusca 11 
Physidae), two problematic invasive species. Furthermore, we evaluated the toxicity of both EOs 12 
against a non-target insect, the mayfly Cloeon dipterum L. (Ephemeroptera Baetidae). Both EOs were 13 
toxic against the three tested species. The most effective EO was the C. sativa, able to kill 100% of P. 14 
acuta snails starting from 100 μL L-1. C. sativa LC50 were 301.560, 282.174 and, 35.370 μL L
-1
, while 15 
H. lupulus LC50 were 330.855, 219.787 and, 118.653 μL L
-1
 against A. albopictus, C. dipterum and P. 16 
acuta, respectively. Relative median potency analysis showed that the C. sativa EO was more toxic 17 
than H. lupulus against A. albopictus and P. acuta, while H. lupulus was more toxic than C. sativa EO 18 
against C. dipterum. The most susceptible species to the two EOs was P. acuta, while A. albopictus 19 
resulted the least susceptible one. 20 
 21 
Keywords: Arbovirus; FilariasisEssential oils; GC-MS, Mosquitoes, Invasive speciessnails, Botanical 22 
pPesticides; Non-target aquatic organisms. 23 
 24 
 3 
1. Introduction 1 
 2 
Hemp (Cannabis sativa L.) is not only one of the oldest known medicinal plants, but it has been also 3 
largely cultivated for centuries for fibre and seeds. In many countries, hemp cultivation has been 4 
prohibited because of its content of psychotropic chemical components (tetrahydrocannabinol, also 5 
known as THC). However, it has been pointed out that hemp medicinal properties could be useful to 6 
treat numerous diseases and for pain relief and that the beneficial health effects outweigh the 7 
psychotropic properties of Cannabis. This has recently led some countries (i.e. Holland, Germany, 8 
Romania, Slovenia, Israel, USA and Italy) to legalise this plant or its derivatives for medicinal purpose. 9 
Besides, from 2001, the European Commission allowed the hemp cultivation with less than 0.2 % 10 
THC. All these facts determined an increasing interest in hemp cultivation and in the use of the plant-11 
derived raw materials such as the hemp fibre, that can be used in the production of specialty papers, 12 
and the hemp seeds that can be used as a food and feed and contain an oil useful for manufacturing 13 
printer ink, for wood preservation, and production of soaps and detergents (Callaway, 2004; Ranalli 14 
and Venturi, 2004). Moreover, hemp flowers and upper leaves also contain an essential oil (EO) used 15 
as a scent in perfumes cosmetics, soaps, candles and as flavouring in foods. Interestingly, hemp EO has 16 
also been shown to be toxic to mosquitoes larvae (Thomas et al., 2000) and recently, to have 17 
antimicrobial (Verma et al., 2014) and nematicidal (Mukhtar et al., 2013) properties. 18 
Hop (Humulus lupulus L.), another member of the small Cannabaceae family, is a natural 19 
component of riverside wetland forests of the temperate northern hemisphere (Prieditis, 1997). Hop,  20 
has been cultivated since ancient times and is mainly used as a bittering agent in the beer brewing 21 
process (Chadwick et al., 2006). HIn the hop female strobilus inflorescences (hops or cones) content 22 
more than 1000 chemical compounds have been identified and the hop extracts have shown a strong 23 
bioactivity as antimicrobial, estrogenic and, anticancerogenic (Farago et al., 2009; Wang et al., 2008). 24 
 4 
In particular, hop α- and ß-acids, and terpenes have been found to be toxic, anti-feeding, and repellent 1 
for several insects and mites of economic importance (Bedini et al., 2015; DeGrandi-Hoffman et al., 2 
2012; Gökçe et al., 2009; Powell et al., 1997). 3 
The Asian tiger mosquito Aedes albopictus (Skuse) (Diptera Culicidae), due to its ecological and 4 
physiological plasticity (Yamany et al., 2012), is acknowledged as the most invasive mosquito species 5 
worldwide (Benedict et al., 2007; Caminade et al., 2012). Moreover, because of its aggressive daytime 6 
human-biting behaviour and its ability to transmit many pathogens and parasites, including dengue, 7 
West Nile, Japanese encephalitis, yellow fever and, chikungunya (Mehlhorn, 2011; Benelli, 2015a), it 8 
represents a key threat for millions of people worldwide (Paupy et al., 2009). 9 
The freshwater pan-pulmonate snail Physella acuta (Draparnaud) (Mollusca Physidae) is another 10 
problematic invasive species that shares the same habitats of the A. albopictus larvae and it is 11 
considered a plague in rice fields (Banha et al., 2014). Like the tiger mosquito, also P. acuta is a 12 
species of medical importance, mainly due to the fact that it is an intermediate host for trematode and 13 
nematode human parasites (Faltýnková, 2005; Faltýnková and Haas, 2006; Hai et al., 2009; Toledo et 14 
al., 1999). 15 
Nowadays, pests are largely controlled by synthetic pesticides. However, the continuous use of 16 
organophosphates and insect growth regulators has caused the rising of resistant mosquito strains 17 
(Benelli 2015b). Besides, currently employed molluscicides are limited in number, expensive and also 18 
have negative effects on human health and the environment (Hemingway and Ranson, 2000; Lees et 19 
al., 2014; Madsen, 1990; Severini et al., 1993; Sun et al., 2011).  20 
In this scenario, there is a growing interest for alternative eco-friendly control tools for pest 21 
management (Duke et al., 2010). Natural products often fill these needs. In particular, in recent years, 22 
essential oilsEOs of aromatic plants received a great attention for pest control purposes (Benelli 2015b, 23 
2015c; Benelli et al., 2013, Conti et al., 2010; 2012a; 2012b), since they are often characterized by low 24 
 5 
toxicity towards mammalians (Regnault-Roger et al., 2012). To be acceptable, however, natural 1 
pesticides must be not only highly toxic against the targeted pests but they also should not have strong 2 
toxicity against non-target organisms. 3 
In the present work, hemp and hops essential oilsEOs were chemically analysed and their acute 4 
toxicities evaluated against larvae of A. albopictus and against adults of P. acuta. The toxicity of C. 5 
sativa and H. lupulus essential oilsEOs was also assessed against the mayfly Cloeon dipterum L. 6 
(Ephemeroptera Baetidae) a non-target aquatic organism sharing the same habitat of mosquito larvae 7 
and Physella snails. 8 
 9 
2. Materials and methods 10 
 11 
2.1 EOsssential oil extraction and GC-MS analyses 12 
 13 
C. sativa EO was purchased from Assocanapa srl (Torino, Italy), while. H. lupulus cv Cascade 14 
cones were obtained from Mr. Malt srl (Udine, Italy). The plant material (3x50 g) were was hydro-15 
distilled in a Clevenger-type apparatus for 2 h. Gas chromatography-electron impact mass spectroscopy 16 
(GC-EIMS) analyses were performed with a Varian CP-3800 gas chromatograph, equipped with a HP-17 
5 capillary column (30 m×0.25 mm; coating thickness 0.25 μm) and a Varian Saturn 2000 ion trap 18 
mass detector. Analytical conditions were injector and transfer line temperatures at 220 and 240 °C, 19 
respectively, oven temperature programmed from 60 to 240 °C at 3 °C/min, carrier gas helium at 1 20 
mL/min, injection of 0.2 μL (10 % hexane solution), and split ratio 1:30. All the injections were 21 
performed in triplicate. For Cannabis oil three independent samples were prepared from the same 22 
essential oilEO, while for hop the analyses were performed on each hydrodistilled sample. Constituents 23 
identification was based on comparison of retention times with those of authentic samples, comparing 24 
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 6 
their LRIs with the series of n-hydrocarbons and using computer matching against commercial (NIST 1 
98 and ADAMS) and home-made library mass spectra (built up from pure substances and components 2 
of known oils and mass spectra literature data) (Adams, 1995; Davies, 1990; Massada, 1976; Jennings 3 
and Shibamoto, 1980; Swigar and Silverstein, 1981).  4 
 5 
2.2 Insect cultures and rearing conditions 6 
 7 
2.2.1 Aedes albopictus  8 
Larvae of A. albopictus originated from field-collected eggs, deposited by wild females on bars of 9 
masonite placed outdoors in dark vases containing tap water. Egg batches were collected daily and kept 10 
moist for 24 h. Then, they were placed in laboratory conditions (25 ± 1 °C, 45 ± 5 % relative humidity, 11 
natural summer photoperiod) in 250 cc beakers and submerged in tap water for hatching. Newly 12 
emerged larvae were single reared in 50 cc vials, with tap water and a small amount of cat food until 13 
they reached the fourth instar stage, when they were used for the bioassay. (Conti et al., 2012a; 2012b). 14 
 15 
2.2.2 Physella acuta  16 
Adult snails of P. acuta (length 6.1 mm ± 0.2 m) were collected from field water tanks at the 17 
Department of Agriculture, Food and Environment in July 2014, then transferred to laboratory 18 
conditions (24 ± 1 °C; 50 ± 5 % RH, natural photoperiod) and identified to specific level through 19 
molecular characterization (Benelli et al., 2015b). P. acuta snails were maintained in polyethylene 20 
aquaria (40, 30, 30 cm) containing about 10 L of tap water (21 ± 1 °C, pH 7.3-7.5). Three times per 21 
week, the aquaria were cleaned, removing excrements and dead snails.  Lettuce leaves were used as 22 
food. Only adult snails were used for bioassays. 23 
 24 
 7 
2.2.3 Cloeon dipterum 1 
Cloeon dipterum nymphs were collected from field water tanks at the Department of Agriculture, 2 
Food and Environment, identified at specific level following the keys reported in Grandi (1960), then 3 
reared in laboratory conditions (24 ± 1 °C; 50 ± 5 % R.H.; natural photoperiod) in polyethylene aquaria 4 
(40, 30, 30 cm) containing about 10 L of tap water and fed with leaf litter. Late instars nymphs (length 5 
3.9 mm ± 0.2 m) were used for bioassays. 6 
 7 
2.3 Toxicity bioassays 8 
 9 
2.3.1 Toxicity of essential oilsEOs against Aedes albopictus 10 
Three groups of 20 larvae (fourth instar) were isolated in 250-mL beakers and exposed for 24 h to 11 
dosages ranging from 25 to 500 μL L-1 of C. sativa and H. lupulus essential oilsEOs. Each tested 12 
product was dissolved in tap water containing 0.025 % of Tween 80. Tap water with 0.025 % of Tween 13 
80 was used as control. Mortality was checked after 24 h and reported as an average of three replicates; 14 
data were also used to calculate the LC50 value (WHO, 1981). 15 
 16 
2.3.2. Toxicity of essential oilsEOs against Physella acuta 17 
Three groups of 20 specimens of P. acuta were isolated in 250-mL beakers and exposed for 24 h to 18 
dosages ranging from 25 to 500 μL L-1 of C. sativa H. lupulus essential oilsEOs in tap water containing 19 
0.025 % of Tween 80. The beakers were covered with a net to prevent snails from falling out. Snails 20 
were not fed during this period. At the end of the exposure period, mortality was checked. Control 21 
experiments were executed similarly and simultaneously as the treatments. 250 mL beakers with the 22 
same number of P. acuta individuals (three replicates) and tap water with 0.025 % of Tween 80 were 23 
used as control. Both in treatment and control experiments, mortality was confirmed by the absence of 24 
 8 
heartbeat and lack of reaction by probing the snails with a needle to elicit typical withdrawal 1 
movements (Lahlou, 2004; Teixeira et al., 2012). P. acuta mortalities were reported as an average of 2 
three replicates, data were also used to calculate the LC50 value. 3 
 4 
2.3.3 Toxicity of essential oilsEOs against the non-target mayfly Cloeon dipterum 5 
Three groups of ten C. dipterum nymphs were isolated in 250-mL beakers and exposed for 24 h to 6 
dosages ranging from 50 to 500 μL L-1 of C. sativa and H. lupulus essential oilsEOs in tap water 7 
containing 0.025 % of Tween 80. 250 mL beakers with the same number of C. dipterum individuals 8 
(three replicates) and tap water with 0.025 % of Tween 80 were used as control. Mortality in treated 9 
specimens was recorded after 24 h, at the end of the test, during which no food was given to the 10 
specimens.  (Benelli et al., 2015b). C. dipterum mortalities were reported as an average of three 11 
replicates, data were also used to calculate the LC50 value. 12 
 13 
2.4 Data analysis 14 
 15 
Mortality data were transformed into arcsine/proportion values before statistical analysis. Since no 16 
mortality was registered in the control treatment, the mortality percentage rates were not corrected. 17 
Data were processed by a general linear model (GLM) with three factors, the tested invertebrate 18 
species, the EO and the EO dosage. Averages were separated by Tukey’s b post hoc test. P<0.05 was 19 
used for the significance of differences between means.  20 
Median lethal concentration (LC50) was calculated by Log-probit regression.  (Finney, 1971). 21 
Significant differences between LC50 values were determined by estimation of confidence intervals of 22 
the relative median potency (rmp). Differences among LC50 values were judged to be statistically 23 
significant when 1.0 was not found in the 95% confidence interval of relative median potency. All the 24 
 9 
analyses were performed by the SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). 1 
 2 
3 Results 3 
 4 
3.1 Essential oilsEOs extraction and GC-MS analysis 5 
 6 
GC-MS analyses on the essential oilsEOs obtained from the aerial parts of C. sativa and from cones 7 
of H. lupulus led to the identification of, respectively, 34 and 38 compounds, representing 97.6 and 8 
99.7% of the whole C. sativa and H. lupulus oils, respectively (Table 1). Essential oilEO yield from 9 
hop was 0.11 % (w/w). The main chemical class of both essential oilsEOs components were 10 
monoterpene hydrocarbons (57.2 % for C. sativa and 70.4 % for H. lupulus) (Table 2). Myrcene, β-11 
caryophyllene and terpinolene were the most abundant chemical components of C. sativa essential 12 
oilEO (22.9, 18.7 and 12.0 %, respectively) while in H. lupulus essential oilEO the major constituents 13 
were myrcene, α-humulene and β-caryophyllene (68.0, 13.3 and 3.7 %, respectively) (Table 1). 14 
 15 
3.2 Toxicity bioassays 16 
 17 
Both EOs showed a clear toxic activity against the three species A. albopictus, C. dipterum and P. 18 
acuta. C. sativa LC50 values were 301.560, 282.174 and, 35.370 μL L
-1
 while, H. lupulus LC50 values 19 
were 330.855, 219.787 and, 118.653 μL L-1 against A. albopictus, C. dipterum and P. acuta, 20 
respectively (Table 3). Univariate GLM test showed no significant differences between essential 21 
oilsEOs toxicity (F=1.310, d.f. = 1; P=0.255), whereas a significant effect of the tested species 22 
(F=281.446, d.f. = 2; P<0.0001) and essential oilEO dosage (F=266.005, d.f. = 7; P<0.0001) was 23 
found. In addition, the interactions of species * oil (F=76.010, d.f. = 2; P<0.0001), oil * dosage 24 
 10 
(F=15.481, d.f. = 7; P<0.0001), species * dosage (F=15.657, d.f. = 14; P<0.0001) and species * oil * 1 
dosage (F=7,992, d.f. = 14; P<0.0001) were significant (Table 4). 2 
The comparison of the relative toxicity of C. sativa and H. lupulus EOs by rmp analyses showed that 3 
C. sativa EO was more toxic than H. lupulus EO against A. albopictus and P. acuta, while H. lupulus 4 
was more toxic than C. sativa against C. dipterum (Fig. 1). In particular, C. sativa EO was able to kill 5 
100% of P. acuta snails already from a concentration of 100 μL L-1, while the same mortality was 6 
reached by H. lupulus EO only at 400 μL L-1. On the contrary, while H. lupulus EO caused 100% of C. 7 
dipterum mortality starting from 400 μL L-1, C. sativa EO at the same dosage killed 70% of C. 8 
dipterum nymphae (Tab. 4). Consistently, rmp analyses showed a significant different susceptibility 9 
among species to the EOs. In detail, for both the EOs the most sensitive species was P. acuta followed 10 
by C. dipterum while the less sensitive species was A. albopictus (Table 5). 11 
 12 
4 Discussion 13 
The chemical characterization of the essential oilEOs is a crucial step before any kind of biological 14 
assay.  (Panizzi et al., 1993).The composition of the essential oilEO of C. sativa is in good agreement 15 
with those reported in literature, with myrcene, β-caryophyllene, α-pinene, terpinolene and α-humulene 16 
as the main constituents (Bertoli et al., 2010; Nissen et al., 2010; Marchini et al., 2014; Nissen et al., 17 
2010). 18 
The composition of the essential oilEO of H. lupulus is very dependent on the cultivar. In fact, the 19 
different cultivars are used to impart different properties to the beer (i.e. type of aroma, bitterness 20 
intensity, etc.). The composition of our essential oilEO is the typical one of the American aroma variety 21 
Cascade, with high percentages of myrcene and α-humulene (Nance and Setzer, 2011). The chemical 22 
characterization of the essential oil is a crucial step before any kind of biological assay (Panizzi et al., 23 
1993). 24 
 11 
Results showed a good toxic activity of C. sativa and H. lupulus EOs against the tested species. The 1 
effectiveness of the EOs even at low dosages highlighting their promising potential as control agents 2 
against the two problematic invasive species A. albopictus and P. acuta. Although hop and hemp are 3 
well-known aromatic and medicinal plants, moderate knowledge is available on their toxic effect of 4 
Cannabaceae on arthropods. However, our study is consistent with previous reports showing that 5 
aqueous extracts of C. sativa are able to repel or kill insects and mites (Bajpai and Sharma, 1992; Jalees 6 
et al., 1993) and phytopathogenic nematodes (Heterodera cajani, Tylenchorhynchus brassicae, 7 
Hoplolaimus indicus, Rotylenchulus reniformis) (Haseeb et al., 1978; Mojumder et al., 1989). Several 8 
studies also reported that C. sativa extracts exert fungicidal and bactericidal activities (Kaushal and 9 
Paul, 1989; Upandhyaya and Gupta, 1990; Vijai et al., 1993). Besides, a recent study showed that H. 10 
lupulus EO exerts a strong repellent action against post-harvest grains insect pests (Bedini et al., 2015). 11 
To this regard, the chemical analyses showed that also the C. sativa EO contains high percentage of 12 
volatile compounds, such as ß-caryophyllene, caryophyllene oxide, limonene and myrcene that are 13 
powerful insect repellents (Bedini et al., 2015; Bougherra et al., 2015; Kashyap et al., 1991). 14 
The results of toxicity tests against A. albopictus With regard to A. albopictus, our results are in line 15 
with previous researches showing the toxic effect of numerous plants essential oilsEOs against A. 16 
albopictus and other mosquitoes (Benelli, 2015c). For instance, the susceptibility of the Asian tiger 17 
mosquito larvae to the two Cannabaceae EOs resulted to be similar to that ofto Achillea millefolium EO 18 
(LC50=211.3 ppm; Conti et al., 2010), Azadirachta indica (Meliaceae) EO (LC50 = 267.13; Benelli et 19 
al., 2015a) and its fractions at different polarity (LC50 =142.28 to 209.73 ppm; Benelli et al., 2015a), 20 
Foeniculum vulgare EO (LC50 = 142.9 ppm; Conti et al., 2010) and, to the EO extracted from fresh 21 
leaves of Hyptis suaveolens (Lamiaceae) (LC50 = 240.30 ppm; Conti et al., 2012a). On the contrary, C. 22 
sativa and H. lupulus EOs resulted less toxic against A. albopictus than EOs from other plants showing 23 
LC50 values under 100 ppm EOs such as the one from Allium macrostemon (Amarillidaceae) (LC50 = 24 
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73); several Cupressaceae species  with LC50 ranging from 37 (Cupressus benthamii) to 194 ppm; 1 
Coleus aromaticus and Ocimum basilicum (Lamiaceae) (LC50 = 76 and 11 ppm, respectively); several 2 
Rutaceae species wild and cultivated plants of Ruta chalepensis (Rutaceae) with (LC50 values ranging 3 
from 35 (Ruta chalepensis) to 69 ppm (Toddalia asiatica.66 and 33.18 ppm, respectively; Conti et al., 4 
2013)), Allium tuberosum (LC50 = 17.90 ppm; Liu et al., 2015); Eucalyptus urophylla and E. 5 
camaldulensis (LC50 = 31 and 96 ppm, respectively; Cheng et al., 2009); Toddalia asiatica (LC50 = 69 6 
ppm; Liu et al., 2013), Clinopodium gracile (LC50 = 43 ppm; Chen et al., 2013), A. macrostemon (LC50 7 
= 73 ppm; Liu et al., 2014a), Zanthoxylum avicennae (LC50 = 49 ppm; Liu et al., 2014b). (Pavela, 8 
2015a, and reference therein).  9 
In this work, acute toxicity varied considerably with the EO and the species tested. This is likely due 10 
to differences in the chemical composition of the two EOs. Such differentce in the EOs efficacy, 11 
however, could be due not only to the presence in the EOs of different bioactive a different toxicity 12 
chemical compounds (Bakkali et al., 2008) but also to their relationship as mixtureof the EOs. In fact, 13 
the contribution of its singles compounds to the final EO’s effect could be not only additional but also 14 
synergistic or anthagonistic (Hummelbrunner and Isman 2001, Pavela 2008, 2014). For instance, 15 
myrcene and α-pinene, two of the major chemical compounds of the H. lupulus and C. sativa EO, 16 
respectively, have been shown to have a clear antagonistic or synergistic effect against the Culicidae 17 
Culex quinquefasciatus larvae depending on the compound to which they were coupled (Pavela, 18 
2015b). However,  but also to a different susceptibility of the A. albopictus populations of different 19 
geographical origin. Notably, with the exception of the R. chalepensis EO (Conti et al., 2013), EOs 20 
toxicity tests against tiger mosquitoes from Asian populations gave lower LC50 values respect to the 21 
ones performed with European mosquitoes strains.even if the toxicity of the hemp and hop EOs is 22 
lower than the one of some other aromatic plants, their use could be industrially highly convenient. 23 
Actually, from a practical point of view, the major problems that prevent the production on large scale 24 
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 13 
of botanical insecticides (BIs) based on EOs are, along with their variability in qualitative and 1 
quantitative composition, the limited production and their high price (Pavela, 2015b). In this regards, 2 
both hemp and hops, because of their extensive cultivation and high EOs content could allow an 3 
economically convenient industrial production and an expansion of the utilization of BIs. Moreover, 4 
recently it has been showed that, at least in the case of hop, it is possible to obtain residual EO with 5 
excellent bioactive properties also from the brewery spent hops, showing that EOs utilization can add 6 
value also to by-product of the main industry (Bedini et al., 2015). 7 
 8 
Interestingly, tThe toxicity assays showed that both EOs are also effective in killing the invasive 9 
snail P. acuta. In particular, C. sativa EO resulted effective even at low dosages. Consistently, tThis 10 
freshwater snail has been found susceptible to pesticides and industrial by-products (Bernot et al., 11 
2005; Seeland et al., 2013) and recently found to be susceptible also to the EOs of the two 12 
Mediterranean aromatic plants Achillea millefolium and Haplophyllum tuberculatum (Benelli et al., 13 
2015b). BesideAlongside EOs, also other aromatic plants extracts showed toxicity against freshwater 14 
snails with LC50 values similar to those recorded in our experiments. Recently, da Silva et al. (2013) 15 
reported molluscicidal activity of ground seeds of Moringa oleifera Lam. (Lamiales: Moringaceae) 16 
against three species of snails, including Physa marmorata Guilding (LC50 = 339 ppm), an intermediate 17 
host of Trichobilharzia (Pinto et al., 2015) and Echinostoma (Maldonado et al., 2001; Pinto and Melo, 18 
2012). Similarly, molluscicidal activity was reported for various compounds extracted from plants 19 
belonging to the Apocynaceae (Singh et al. 2005, 2010), Cupressaceae, Lauraceae, Myrtaceae, 20 
Pittosporaceae and Zingiberaceae (Singh and Singh, 2009; Teixeira et al., 2012), Lamiaceae, (Salama 21 
et al., 2012), Pinaceae (Lahlou, 2003) and Euphorbiaceae (Schall et al., 2001; Singh et al., 2010, 2005, 22 
2010).  23 
 24 
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 14 
It is noteworthy that C. sativa EO resulted to be more toxic against the target species P. acuta 1 
respect to the non-target mayfly C. dipterum. Even if the use of plant-borne pesticides is recommended 2 
because reputed more safe for humans and the environment than synthetic pesticides, very little 3 
information is available on their side effects on non-target fauna. The available information indicates 4 
that they may exhibit toxicity also against components of the aquatic plankton (Conti et al., 2014; 5 
Duringer et al., 2010)such effects may vary widely depending on the species. Indeed, Conti et al. 6 
(2014) showed that the tea tree, Melaleuca alternifolia EO is more toxic to the non-target Daphnia 7 
magna Straus (Cladocera: Daphniidae) than against the target species A. albopictus (LC50 = 80.637 and 8 
250 ppm, respectively). Nevertheless, the same EO resulted to have low toxicity against the brine 9 
shrimp Artemia salina L. (LC50 = 500 ppm ca) (McCage et al., 2002), and to be non-toxic for the 10 
rainbow trout Oncorhynchus mykiss (Walbaum) (Salmoniformidae: Salmonidae) eggs (Marking et al., 11 
1994). Such differences in the EOs toxicity among organisms could be due to their different 12 
metabolism. In particular, the toxic activity of the EOs could be based on the inhibition of the 13 
acetylcholinesterase activity. Actually, such inhibition has been shown by several plant extracts on 14 
insects (Ryan and Byrne, 1988) and by the monoterpene constituents of EOs (Mills et al., 2004). 15 
Another possible mechanism suggested to explain the fungicidal activity of essential oilsEOs may 16 
involve the disruption of the cell membrane affecting its permeability (Mukhtar et al., 2013). Also the 17 
time of application and the concentration could be used to trim the botanical pesticides in order to 18 
obtain a good activity against target organisms affecting as less as possible the non-target ones. For 19 
instance, recently it has been showed that EO toxicity against these non-target organisms may depend 20 
on the applied concentration and time of exposure. Pavela (2014) showed that short-term exposure of 21 
D. magna to Pimpinella anisum EO induce a significant rise in the fertility and thus exerted a positive 22 
effect on daphnia numbers.  23 
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Such variability in the effectiveness and in the physiological action of EOs may allow the 1 
formulation of insecticides and molluscicides trimmed on the target species but it also strongly 2 
indicates the need of an assessment of their acute or chronic toxicity not only on the target but also on 3 
other non-target aquatic organisms. Moreover, since EOs have different effects such as reduced 4 
fertility, repellency and antifeedancy also at sub-lethal doses (Alzogaray et al. 2011; Giatropoulos et 5 
al., 2012; Hummelbrunner and Isman, 2001; Pavela, et al., 2007), further research could determine if a 6 
significant decrease in the population of target insects can be achieved at doses lower than the lethal 7 
ones therefore reducing the side effects on non-target organisms and on the environment. 8 
Such variability in the effectiveness and in the physiological action of EOs may allow the 9 
formulation of insecticides and molluscicides trimmed on the target species but it also strongly 10 
indicates the need of an assessment of their acute or chronic toxicity not only on the target but also on 11 
other non-target aquatic organisms. 12 
 13 
5 Conclusions 14 
 15 
This study contributes to the knowledge about the bioactivity of chemically characterized C. sativa 16 
and H. lupulus essential oilsEOs. Both the oils are able to exert a good toxic effect against the invasive 17 
disease vectors A. albopictus and P. acuta. The low-cost and large availability coupled with tThe much 18 
stronger effectiveness of the hemp essential oilEO against the target snail over the non-target mayfly 19 
suggests that it could be a very promising tool for the development of new low-cost environmental 20 
friendly insecticides and molluscicides. 21 
 22 
Acknowledgements 23 
 24 
Formatted: Font:
 16 
We would like to thanks Mr. Paolo Giannotti and Dr. Riccardo Antonelli for the skilled assistance 1 
during the set-up of the experiment and for the pictures of the invertebrates. Giovanni Benelli is 2 
supported by PROINNOVA CUP B15E11001510005. 3 
 4 
References 5 
 6 
Adams RP (1995) Identification of essential oil components by gas chromatography-mass 7 
spectroscopy. Allured, Carol Stream. 8 
Alzogaray RA, Lucia A, Zerba EN, Masuh HM. 2011. Insecticidal Activity of Essential Oil From 9 
Eleven Eucalyptus spp. and Two Hybrids: Lethal and Sublethal Effects of Their Major 10 
Components on Blattella germanica. Journal of Economic Entomology 104(2): 595–600. 11 
 12 
 13 
Bajpai NK, Sharma VK (1992) Possible use of hemp (Cannabis sativa L.) weeds in integrated 14 
control. Indian Farmers’ Digest, 25: 32-38. 15 
Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008) Biological effects of essential oils-a review. 16 
Food and Chem Toxicol 46: 446-475 17 
 18 
Banha F, Marques M, Anastácio PM, (2014) Dispersal of two freshwater invasive 19 
macroinvertebrates, Procambarus clarkii and Physella acuta, by off-road vehicles. Aquatic 20 
Conserv: Mar Freshw Ecosyst, 24: 582-591. 21 
 22 
Formatted: Indent: Left:  0.63 cm,
Hanging:  0.87 cm
Formatted: Highlight
Formatted: Highlight
Formatted: Font: (Default) Times
New Roman
 17 
Bedini
 
S, Flamini G, Girardi
 
J, Cosci
 
F, Conti B (2015) Not just for beer: evaluation of spent hops 1 
(Humulus lupulus L.) as a source of eco-friendly repellents for insect pests of stored foods. J. 2 
Pest Sci, 88: 583-592. 3 
Benedict MQ, Levine RS, Hawley WA, Lounibos LP (2007) Spread of the Tiger: global risk of 4 
invasion by the mosquito Aedes albopictus. Vect Bor Zoon Dis, 7:76-85. 5 
Benelli G (2015a) The best time to have sex: mating behaviour and effect of daylight time on male 6 
sexual competitiveness in the Asian tiger mosquito, Aedes albopictus (Diptera: Culicidae). 7 
Parasitol Res 114:887-894 8 
Benelli G (2015b) Research in mosquito control: current challenges for a brighter future. Parasitol 9 
Res 114:2801-2805 10 
Benelli G (2015c) Plant-borne ovicides in the fight against mosquito vectors of medical and 11 
veterinary importance: a systematic review. Parasitol Res 114:3201-3212 12 
Benelli G, Flamini G, Fiore G, Cioni PL, Conti B (2013) Larvicidal and repellent activity of the 13 
essential oil of Coriandrum sativum L. (Apiaceae) fruits against the filariasis vector Aedes 14 
albopictus Skuse (Diptera: Culicidae). Parasitol Res, 112:1155-1161. 15 
Benelli G Bedini S  Cosci F, Toniolo C, Conti B, Nicoletti M (2015a) Larvicidal and ovideterrent 16 
properties of neem oil and fractions against the filariasis vector Aedes albopictus (Diptera: 17 
Culicidae): a bioactivity survey across production sites. Parasitol Res, 114:227-236. 18 
Benelli G, Bedini S, Flamini G, Cosci F, Cioni PL Amira S, Benchikh F, Laouer H, Di Giuseppe G, 19 
Conti B (2015b) Mediterranean essential oils as effective weapons against the West Nile 20 
vector Culex pipiens and the Echinostoma intermediate host Physella acuta: what happens 21 
around? An acute toxicity survey on non-target mayflies. Parasitol Res, 114:1011-1021. 22 
 18 
Bernot RJ, Kennedy EE, Lamberti GA (2005) Effects of ionic liquids on the survival, movement, 1 
and feeding behavior of the freshwater snail, Physa acuta. Environ Toxicol Chem, 24: 1759-2 
1765. 3 
Bertoli A, Tozzi S, Pistelli L, Angelini LG (2010) Fibre hemp inflorescences: From crop-residues to 4 
essential oil production. Ind Crop Prod 32: 329-337. 5 
Bougherra HH, Bedini S, Flamini G, Cosci F, Belhamel K, Conti B (2015) Pistacia lentiscus  6 
essential oil has repellent effect against three major insect pests of pasta. Ind Crop Prod, 63: 7 
249-255. 8 
Callaway JC (2004) Hempseed as a nutritional resource: An overview. Euphytica, 140: 65-72. 9 
Caminade C, Medlock JM, Ducheyne E, McIntryre KM, Leach S, Baylis M, Morse A (2012) 10 
Suitability of European climate for the Asian tiger mosquito Aedes albopictus: recent trends 11 
and future scenarios. J R Soc Interface, 9:2708-2717. 12 
Chadwick LR, Pauli GF, Farnsworth NR (2006) The pharmacognosy of Humulus lupulus L. (hops) 13 
with an emphasis on estrogenic properties. Phytomedicine, 13:119-131. 14 
Cheng S-S, Huang CG , Chen YJ ,Yu JJ, Chen WJ, Chang ST (2009) Chemical compositions and 15 
larvicidal activities of leaf essential oils from two eucalyptus species. Bioresource Technol, 16 
100 452-456. 17 
Chen XB, Liu XC, Zhou L,  Liu ZL (2013) Essential Oil Composition and Larvicidal Activity of 18 
Clinopodium gracile (Benth) Matsum (Labiatae) Aerial Parts against the Aedes albopictus 19 
Mosquito. Trop J Pharm Res, 12: 799-804. 20 
 Conti B, Canale A, Bertoli A, Gozzini F, Pistelli L (2010) Essential oil composition and larvicidal 21 
activity of six Mediterranean aromatic plants against the mosquito Aedes albopictus (Diptera: 22 
Culicidae). Parasitol Res, 107:1455-1462. 23 
Formatted: Font: 12 pt, Font
color: Custom Color(RGB(0,0,10))
Formatted: Font: 12 pt, Font
color: Custom Color(RGB(0,0,10))
 19 
Conti B, Benelli G, Flamini G, Cioni PL, Profeti R, Ceccarini L, Macchia M, Canale A (2012a) 1 
Larvicidal and repellent activity of Hyptis suaveolens (Lamiaceae) essential oil against the 2 
mosquito Aedes albopictus Skuse (Diptera: Culicidae). Parasitol Res, 110:2013-2021. 3 
Conti B, Benelli G, Leonardi M, Afifi UF, Cervelli C, Profeti R, Pistelli L, Canale A (2012b) 4 
Repellent effect of Salvia dorisiana, S. longifolia and S. sclarea (Lamiaceae) essential oils 5 
against the mosquito Aedes albopictus Skuse (Diptera: Culicidae). Parasitol Res, 111:291-299. 6 
Conti B, Leonardi M, Pistelli L, Profeti R, Ouerghemmi I, Benelli G. 2013. Larvicidal and repellent 7 
activity of essential oils from wild and cultivated Ruta chalepensis L. (Rutaceae) against 8 
Aedes albopictus Skuse (Diptera: Culicidae), an arbovirus vector. Parasitol Res, 112:991-999. 9 
Conti B, Flamini G, Cioni PL, Ceccarini L, Macchia M, Benelli G (2014) Mosquitocidal essential 10 
oils: are they safe against non-target aquatic organisms? Parasitol Res, 113:251-259. 11 
da Silva CLPAC, Vargas TS, Baptista DF (2013) Molluschicidal activity of Moringa oleifera on 12 
Biomphalaria glabrata: integrated dynamics to the control of the snail host of Schistosoma 13 
mansoni. Rev Bras Farmacogn, 23:848-850. 14 
Davies NW (1990) Gas chromatographic retention indices of monoterpenes and sesquiterpenes on 15 
methyl silicon and carbowax 20M phases. J Chromatogr, 503:1-24. 16 
DeGrandi-Hoffman G, Ahumada F, Probasco G, Schantz L (2012) The effects of beta acids from 17 
hops (Humulus lupulus) on mortality of Varroa destructor (Acari: Varroidae). Exp Appl 18 
Acarol, 58: 407-421. 19 
Duringer JM, Swan LR, Walker DB, Craig AM (2010) Acute aquatic toxicity of western juniper 20 
(Juniperus occidentalis) foliage and Port Orford cedar (Chamaecyparis lawsoniana) 21 
heartwood oils. Environ Monit Assess, 170: 585-598. 22 
 23 
Formatted: Font: (Default) Times
New Roman, Not Highlight
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman, Italic
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman, Italic
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman
Formatted: Not Highlight
Formatted: Font: (Default) Times
New Roman
 20 
Duke SO, Cantrell CL, Meepagala KM, Wedge DE, Tabanca N, Schrader KK (2010) Natural 1 
Toxins for Use in Pest Management. Toxins, 2: 1943-1962. 2 
Faragó J, Pšenáková I, Faragová N (2009) The use of biotechnology in hop (Humulus lupulus L.) 3 
improvement. Nova Biotechnologica, 9-3: 279-293. 4 
Faltýnková A (2005) Larval trematodes (Digenea) in molluscs from small water bodies near Šeské 5 
Budšjovice, Czech Republic. Acta Parasitol, 52:49-55. 6 
Faltýnková A, Haas W (2006) Larval trematodes in freshwater molluscs from the Elbe to Danube 7 
rivers (Southeast Germany): before and today. Parasitol Res, 99: .572-582. 8 
Giatropoulos A, Papachristos DP, Kimbaris A, Koliopoulos G, Polissiou MG, Emmanouel N, 9 
Michaelakis A (2012) Evaluation of bioefficacy of three Citrus essential oils against the 10 
dengue vector Aedes albopictus (Diptera: Culicidae) in correlation to their components 11 
enantiomeric distribution. Parasitol Res, 111: 2253-2263. 12 
Finney DJ (1971) Probit analysis. Cambridge University Press, London, pp 68-78. 13 
Gökçe A, Stelinski LL, Whalon ME, Gut LJ (2009) Toxicity and antifeedant activity of selected 14 
plant extracts against larval obliquebanded leafroller, Choristoneura rosaceana (Harris). Open 15 
Entomol J, 3, 30-36. 16 
Grandi M (1960) Ephemeroidea. Fauna d’Italia, vol. III, Calderini, Bologna. 17 
Hummelbrunner LA, Isman MB (2001) Acute, sublethal, antifeedant, andsynergistic effects of 18 
monoterpenoid essential oil compounds on the tobaccocutworm, Spodoptera litura (Lep.: 19 
Noctuidae). J Agric Food Chem 49: 715-720. 20 
 21 
Hai GY, Min WC, Jing J, Xuan HH (2009) Physa acuta found in Beijing, China. Chin J Zool, 22 
44:127-128. 23 
Formatted: Font: Italic
Formatted: Font: Not Italic
Formatted: Font: (Default) Times
New Roman, English (United
States)
Formatted: Font: (Default) Times
New Roman, Italic, English
(United States)
Formatted: Font: (Default) Times
New Roman, English (United
States)
Formatted: Font: (Default) Times
New Roman, English (United
States)
Formatted: English (United
States)
 21 
Haseeb A, Singh B, Khan AM, Saxena SK (1978) Evaluation of nematicidal property in certain 1 
alkaloid-bearing plants. Geobios, 5: 116-118. 2 
Hemingway J, Ranson H (2000) Insecticide resistance in insect vectors of human disease. Annu 3 
Rev Entomol, 45:371-391. 4 
Jalees S, Sharma SK, Rahman SJ, Verghese T (1993) Evaluation of insecticidal properties of an 5 
indigenous plant, Cannabis sativa L., against mosquito larvae under laboratory conditions. J. 6 
Entomol Res, 17: 117-120. 7 
Jennings W, Shibamoto T. (1980) Qualitative analysis of flavour and fragrance volatiles by glass 8 
capillary chromatography. Academic Press, New York 9 
Kashyap RK, Kennedy GG, Farrar RR (1991) Behavioral response of Trichogramma pretiosum and 10 
Telenomus sphingis (Ashmead) to trichome/methyl ketone mediated resistance in tomato. J 11 
Chemical Ecology, 17: 543-556. 12 
Kaushal RP, Paul YS (1989) Inhibitory effects of some plant extracts on some legume pathogens. 13 
Legume Research, 12: 131-132. 14 
Lahlou M (2003) Composition and molluscicidal properties of essential oils of five Moroccan 15 
Pinaceae. Pharm Biol, 41:207-210. 16 
Lahlou M (2004) Methods to study the phytochemistry and bioactivity of essential oils. 17 
Phytotherapy Res, 18:435-448. 18 
Lees RS, Knols B, Bellini R, Benedict MQ, Bheecarry A, Bossin HC, et al. (2014) Review: 19 
Improving our knowledge of male mosquito biology in relation to genetic control 20 
programmes. Acta Trop, 132: S2-S11. 21 
Liu XC, Dong HW, Zhou L, Du SS, Liu ZL, (2013). Essential oil composition and larvicidal 22 
activity of Toddalia asiatica roots against the mosquito Aedes albopictus (Diptera: Culicidae). 23 
Parasitol Res, 112:1197-1203. 24 
 22 
Liu XC, Liu Q,  Zhou L, Liu ZL (2014a) Evaluation of larvicidal activity of the essential oil of 1 
Allium macrostemon Bunge and its selected major constituent compounds against Aedes 2 
albopictus (Diptera: Culicidae). Parasites & Vectors, 7:184. 3 
Liu XC, Liu Q, Zhou L, Liu QR, Liu ZL (2014b) Chemical Composition of Zanthoxylum avicennae 4 
Essential Oil and its Larvicidal Activity on Aedes albopictus Skuse. Trop J Pharm Res 13: 5 
399-404. 6 
Liu, XC, Zhou L, Liu Q, Liu ZL (2015) Laboratory Evaluation of Larvicidal Activity of the 7 
Essential oil of Allium tuberosum Roots and its Selected Major Constituent Compounds 8 
Against Aedes albopictus (Diptera: Culicidae). J Med Entomol, 52: 437-441. 9 
Madsen H (1990) Biological methods for the control of freshwater snails. Parasitol Today, 6:237-10 
41. 11 
Makkumrai W, Anthon GE, Sivertsen H, Ebeler SE, Negre-Zakharov F, Barrett DM, Mitcham EJ 12 
(2014) Effect of ethylene and temperature conditioning on sensory attributes and chemical 13 
composition of 'Bartlett' pears. Postharvest Biol. Tec. 97:44-61. 14 
Maldonado A, Vieira G, Garcia J,  Rey L, Lanfredi R (2001) Biological aspects of a new isolate of 15 
Echinostoma paraensei (Trematoda: Echinostomatidae): susceptibility of sympatric snails and 16 
the natural vertebrate host. Parasitol Res, 87: 853-859. 17 
Marchini M, Charvoz C, Dujourdy L, Baldovini N, Filippi JJ (2014) Multidimensional analysis of 18 
cannabis volatile constituents: Identification of 5,5-dimethyl-1-vinylbicyclo[2.1.1]hexane as a 19 
volatile marker of hashish, the resin of Cannabis sativa L., J Chromatography A 1370: 200-20 
215. 21 
Marking LL, Rach JJ, Schreier TM (1994) Evaluation of antifungal agents for fish culture. Progr 22 
Fish-Cultur, 56:225-231. 23 
 23 
Massada Y (1976) Analysis of essential oils by gas chromatography and mass spectrometry. Wiley, 1 
New York. 2 
McCage CM, Ward SM, Paling CA, Fisher DA, Flynn PJ, McLaughlin JL (2002) Development of a 3 
paw paw herbal shampoo for the removal of head lice. Phytomedicine, 9:743-748. 4 
Mehlhorn H (2011) Parasites and their World records in their fight for survival. In: Mehlhorn H 5 
(Ed.) Progress in Parasitology, Parasitology Research Monographs vol. 2, Springer, pp. 41-68. 6 
Mills C, Cleary BJ, Gilmer JF, Walsh JJ (2004) Inhibition of acetylcholinesterase by tea tree oil. J 7 
Pharm Pharmacol, 56: 375-379. 8 
Mojumder V, Mishra SD, Haque MM, Goswami BK (1989) Nematicidal efficacy of some wild 9 
plants against pigeon pea cyst nematode, Heterodera cajani. Int. Nematol. Network 10 
Newsletter, 6: 21-24. 11 
Mukhtar T, Kayani MZ, Hussain MA (2013). Nematicidal activities of Cannabis sativa L. and 12 
Zanthoxylum alatum Roxb. against Meloidogyne incognita. Ind. Crop. Prod., 42: 447-453. 13 
Nance MR, Setzer WN (2011), Volatile components of aroma hops (Humulus lupulus L.) 14 
commonly used in beer brewing. J Brew Distilling 2: 16-22. 15 
Nissen L, Zatta A, Stefanini I, Grandi S, Sgorbati B, Biavati B, Monti A (2010), Characterization 16 
and antimicrobial activity of essential oils of industrial hemp varieties (Cannabis sativa L.), 17 
Fitoterapia 81: 413-419. 18 
Paupy C, Delatte H, Bagny L, Corbel V, Fontenille D (2009) Aedes albopictus, an arbovirus vector: 19 
from the darkness to the light. Microbes Infect 11: 1177-1185. 20 
Pavela R (2015a) Essential oils for the development of eco-friendly mosquito larvicides: a review. 21 
Ind Crop Prod, 76: 174-187. 22 
Formatted: Not Highlight
Formatted: Indent: Left:  0.63 cm,
Hanging:  0.87 cm, Space After:  0
pt, Add space between paragraphs
of the same style
Formatted: Font: Italic, Not
Highlight
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Font: Not Italic
Formatted: Not Highlight
 24 
Pavela R (2015b) Acute toxicity and synergistic and antagonistic effects of the aromatic compounds 1 
of some essential oils against Culex quinquefasciatus Say larvae. Parasitol Res, 114: 3835-2 
3853. 3 
Pavela R (2014) Acute, synergistic and antagonistic effects of some aromatic compounds on the 4 
Spodoptera littoralis Boisd.(Lep., Noctuidae) larvae. Ind Crop Prod, 60: 247-258. 5 
Pavela R (2008) Acute and synergistic effects of some monoterpenoid essential oil compounds on 6 
the House Fly (Musca domestica L.). J Essent Oil Bear Pl, 11: 451-459. 7 
Pavela R (2007) Lethal and sublethal effects of thyme oil (Thymus vulgaris L.) on the house fly 8 
(Musca domestica Lin.). J Essent Oil Bear Pl, 10: 346-356. 9 
 10 
Panizzi L, Flamini G, Cioni PL, Morelli I (1993) Composition and antimicrobial properties of 11 
essential oils of four Mediterranean Lamiaceae. J Ethnopharmacol 39: 167-170. 12 
Pinto HA, Melo AL (2012) Infeccao natural de Poecilia reticulate (Actinopterygii: Poeciliidae) por 13 
metacercarias na represa da Pampulha, Belo Horizonte, Minas Gerais, Brasil. Boletim do 14 
Instituto de Pesca, 38: 257-264. 15 
Pinto HA, Caffara M, Fioravanti ML, Melo AL (2015) Experimental and molecular study of 16 
cercariae of Clinostomum sp. (Trematoda: Clinostomidae) from Biomphalaria spp. (Mollusca: 17 
Planorbidae) in Brazil. J Parasitol, 101:108-113. 18 
Powell G, Hardie J, Pickett JA (1997) Laboratory evaluation of antifeedant compounds for 19 
inhibiting settling by cereal aphids. Entomol Exp Appl, 84: 189-193. 20 
Prieditis N (1997) Alnus glutinosa – dominated wetland forests of the Baltic Region: community 21 
structure, syntaxonomy and conservation. Plant Ecology, 129: 49-94. 22 
Ranalli P, Venturi G (2004) Hemp as a raw material for industrial applications. Euphytica, 140: 1-6. 23 
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Font: Italic
Formatted: Font: Not Italic, Not
Highlight
Formatted: Font: Not Italic
Formatted: Font: Not Italic
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Font: Italic
Formatted: Not Highlight
Formatted: Font: Not Italic
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Font: Italic
Formatted: Font: Not Italic
Formatted: Font: Not Italic
Formatted: Not Highlight
Formatted: Not Highlight
Formatted: Indent: Left:  0.63 cm,
Hanging:  0.87 cm
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman, Italic
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman, Italic
Formatted: Font: (Default) Times
New Roman
Formatted: Font: (Default) Times
New Roman
Formatted: Not Highlight
Formatted: Font: (Default) Times
New Roman
Formatted: Font: English (United
States)
Formatted: Indent: Left:  0.63 cm,
Hanging:  0.87 cm, Space After:  0
pt, Add space between paragraphs
of the same style
Formatted ...
 25 
Regnault-Roger C, Vincent C, Arnason JT (2012) Essential oils in insect control: low-risk products 1 
in a high-stakes world. Annu Rev Entomol, 57:405-424. 2 
Ryan MF, Byrne O (1988) Plant-insect coevolution and inhibition of acetylcholinesterase. J Chem 3 
Ecol, 14: 1965-1975. 4 
Salama MM, Taher EE, El-Bahy MM (2012) Molluscicidal and mosquitocidal activities of the 5 
essential oils of Thymus capitatus Hoff et Link. and Marrubium vulgare L. Rev Inst Med Trop 6 
Sao Paulo 54:281-286. 7 
Seeland A, Albrand J, Oehlmann J, Müller R (2013) Life stage-specific effects of the fungicide 8 
pyrimethanil and temperature on the snail Physella acuta (Draparnaud, 1805) disclose the 9 
pitfalls for the aquatic risk assessment under global climate change. Environ Pollut, 174: 1-9. 10 
Severini C, Romi R, Marinucci M, Rajmond M (1993) Mechanism of insecticide resistance in field 11 
populations of Culex pipiens from Italy. J Am Mosq Control Assoc, 9:164-168. 12 
Schall VT, Vasconcellos MC, Rocha RS, Souza CP, Mendes NM (2001) The control of the 13 
schistosome-transmitting snail Biomphalaria glabrata by the plant Molluscicide Euphorbia 14 
splendens var. hislopii (syn milli Des. Moul): a longitudinal field study in an endemic area in 15 
Brazil. Acta Trop, 79:165-170. 16 
Singh A, Singh VK (2009) Molluscicidal activity of Saraca asoca and Thuja orientalis against the 17 
fresh water snail Lymnaea acuminata. Vet Parasitol, 164:206-2010. 18 
Singh SK, Yadav RP, Tiwari S, Singh A (2005) Toxic effect of stem bark and leaf of Euphorbia 19 
hirta plant against freshwater vector snail Lymnaea acuminata. Chemosphere, 59:263-270. 20 
Singh SK, Yadav RP, Singh A (2010) Molluscicides from some common medicinal plants of eastern 21 
Uttar Pradesh, India. J Appl Toxicol, 30:1-7. 22 
 26 
Sun H, Sun L, He J, Shen B, Yu J, Chen C, Yang M, Sun Y, Zhang D, Ma L, Zhu C (2011) Cloning 1 
and characterization of ribosomal protein S29, a deltamethrin resistance associated gene from 2 
Culex pipiens pallens. Parasitol Res, 109:1689-1697. 3 
Swigar AA, Silverstein RM (1981) Monoterpenes. Aldrich Chem Comp, Milwaukee 4 
Teixeira T, Rosa JS, Rainha N, Baptista J, Rodrigues A (2012) Assessment of molluscicidal activity 5 
of essential oils from five Azorean plants against Radix peregra (Muller, 1774). Chemosphere, 6 
87:1-6 7 
Thomas T G, Sharma S K, Prakash A, Sharma BR (2000) Insecticidal properties of essential oil of 8 
Cannabis sativa Linn. against mosquito larvae. Entomonology, 25: 1-4. 9 
Toledo R, Muñoz-Antolí C, Pérez M, Esteban JG (1999) Miracidial infectivity of Hypoderaeum 10 
conoideum (Trematoda: Echinostomatidae): differential susceptibility of two lymnaeid 11 
species. Parasitol Res, 85:212-215. 12 
Upadhyaya ML, Gupta RC (1990) Effect of extracts of some medicinal plants on the growth of 13 
Curvularia lunata. Indian J Mycol Pl Pathol, 20: 44-145. 14 
Verma RS, Padalia RC, Verma SK, Chauhan A, Darokar MP, 2014. The essential oil of ‘bhang’ 15 
(Cannabis sativa L.) for non-narcotic applications. Current Science, 107: 645-650. 16 
Vijai P, Jalali I, Parashar RD (1993) Suppression of bacterial soft rot of potato by common weed 17 
extracts. J Indian Potato Association, 20: 206-209. 18 
Wang G., Tian L., Aziz N, Broun P, Dai X., He J., King A., Zhao P.X., Dixon R.A. 2008. Terpene 19 
Biosynthesis in Glandular Trichomes of Hop. Plant Physiology, 148: 1254-1266. 20 
WHO (1981) Instruction for determining the susceptibility or resistance of mosquito larvae to 21 
insecticide. WHO/VBC/81.807.Control of Tropical Diseases. World Health Organization, 22 
Geneva. 23 
 27 
Yamani AS, Mehlhorn H, Adham FK (2012) Yolk protein uptake in the oocyte of the Asian tiger 1 
mosquito Aedes albopictus (Skuse) (Diptera: Culicidae). Parasitol Res, 111: 1315-1324. 2 
 3 
  4 
 28 
Figure captions 1 
 2 
Fig. 1. Comparison of the toxicity of Cannabis sativa and Humulus lupulus essential oils against Aedes 3 
albopictus, Physella acuta and Cloeon dipterum. Values < 1 indicate more toxicity of C. sativa respect 4 
to H. lupulus essential oil. Bars crossing the zero line indicate that the difference of effectiveness is not 5 
statistically significant. A. albopictus, white rectangle; C. dipterum, grey rectangle;, P. acuta, black 6 
rectangle. 7 
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Table 1. Chemical composition (%) of the Cannabis sativa and Humulus lupulus 
essential oils used in the toxicity assays 
Constituents
a
 LRI
a
 LRI
b
 C. sativa H. lupulus 
Propyl butanoate 898 896 
 
0.1±0.00 
α-Pinene 941 939 7.7±0.29 0.2±0.06 
Camphene 955 955 0.2±0.06 
 
Isopentyl propanoate 970  
 
2.0±0.15 
Sabinene 978 976 0.2±0.06 
 
β-Pinene 982 980 3.7±0.26 1.1±0.20 
Myrcene 993 991 22.9±1.00 68.0±1.79 
α-Phellandrene 1007 1006 0.3±0.15 
 
δ-3-Carene 1010 1011 0.6±0.20 
 
2-Methylbutyl isobutyrate 1015 1015 c 
 
1.0±0.17 
α-Terpinene 1020 1018 0.3±0.06 
 
Methyl heptanoate 1027 1028 c 
 
0.5±0.10 
p-Cymene 1028 1026 0.5±0.15 
 
Limonene 1033 1032 3.9±0.38 1.0±0.21 
1,8-Cineole 1034 1033 0.2±0.00 
 
(Z)-β-Ocimene 1042 1040 0.7±0.15 
 
(E)-β-Ocimene 1053 1050 3.9±0.21 0.1±0.00 
γ-Terpinene 1063 1062 0.3±0.06 
 
Methyl 6-methylheptanoate 1087 – 
 
0.4±0.12 
Terpinolene 1090 1088 12.0±0.90 
 
2-Nonanone 1092 1091 
 
0.2±0.06 
Linalool 1101 1098 0.3±0.00 0.6±0.10 
Nonanal 1104 1102 
 
0.2±0.00 
Methyl octanoate 1128 1127 c 
 
0.4±0.06 
p-Cymen-8-ol 1185 1183 0.5±0.10 
 
α-Terpineol 1191 1189 0.2±0.06 
 
Methyl 4-nonenoate 1210 – 
 
0.1±0.06 
Methyl nonanoate 1228 1229 
 
0.2±0.06 
2-Undecanone 1292 1291 
 
0.1±0.00 
Carvacrol 1301 1298 0.2±0.00 
 
Methyl 4-decenoate 1311 1309 d 
 
0.9±0.17 
Methyl geranate 1325 1323 
 
0.3±0.12 
α-Copaene 1377 1376 
 
0.1±0.00 
Geranyl acetate 1383 1383 
 
0.1±0.06 
(Z)-Caryophyllene 1406 1404 0.7±0.15 
 
β-Caryophyllene 1419 1418 18.7±1.02 3.7±0.32 
β-Copaene 1430 1430 c 
 
0.2±0.00 
trans-α-Bergamotene 1438 1439 1.5±0.35 
 
α-Humulene 1455 1454 6.2±0.32 13.3±0.95 
(E)-β-Farnesene 1459 1458 
 
0.3±0.15 
 30 
9-epi-Caryophyllene 1468 1467 2.3±0.26 
 
γ-Muurolene 1478 1477 0.2±0.06 0.4±0.17 
β-Selinene 1487 1485 1.6±0.17 0.2±0.06 
α-Selinene 1495 1494 1.5±0.32 0.3±0.10 
α-Muurolene 1500 1499 
 
0.2±0.00 
β-Bisabolene 1508 1509 0.4±0.17 
 
trans-γ-Cadinene 1514 1513 0.2±0.06 0.5±0.15 
Geranyl isobutyrate 1516 1514 
 
0.5±0.06 
δ-Cadinene 1524 1524 0.2±0.06 0.7±0.20 
Selina-3,7(11)-diene 1544 1542 0.6±0.17 
 
Germacrene B 1557 1556 0.2±0.00 
 
Caryophyllene oxide 1582 1581 3.7±0.42 0.3±0.10 
Humulene oxide II 1607 1606 1.0±0.36 0.7±0.17 
1-epi-Cubenol 1630 1627 
 
0.1±0.00 
T-Cadinol 1641 1640 
 
0.2±0.00 
α-Cadinol 1654 1653 
 
0.2±0.06 
Monoterpene hydrocarbons   57.2 70.4 
Oxygenated monoterpenes   1.4 1.5 
Sesquiterpene hydrocarbons   34.3 19.9 
Oxygenated sesquiterpenes   4.7 1.5 
Non-terpene derivatives   – 6.1 
Total identified    97.6 99.4 
a, Chemical constituents ≥ 0.1%; LRI: a, experimental linear retention index on DB-5 column; b from 
Adams (1995), except 
c
 from NIST Chemistry WebBook (http://webbook.nist.gov/chemistry/), 
d
 
from Makkumrai et al. (2014) 
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Table 2. Toxicity of the essential oil (EO) of Cannabis sativa and Humulus lupulus 
against larvae of the targhet species Aedes albopictus, adults of Phyta marmorata 
and nymphs of the non-targhet species Cleon dipterum 
  EO LC50
a
 LC90
b
 Slope ± SE Intercept ± SE χ2 (df)c 
A. albopictus 
C. sativa 301.560 693.999 4.432 ± 0.511 -11.168 ± 1.073 7.61 (3) 
H. lupulus 330.855 643.825 4.452 ± 0.481 -9.988 ± 1.283 7.12 (3) 
C. dipterus 
C. sativa 282.174 631.961 3.660 ± 0.649  -8.968 ± 1.564 1.26 (3) 
H. lupulus 219.787 391.121 5.120 ± 0.785 -11.991 ± 1.869 2.59 (2) 
P. marmorata 
C. sativa 35.370 46.691 10.627 ± 1.207 -16.457 ± 1.915 4.99 (2) 
H. lupulus 118.653 227.921 4.520 ± 0.788 -9.376 ± 1.628  0.27 (1) 
a
 Concentration of the extract that kills 50 % of the exposed organisms, 
b
 concentration of the extract that 
kills 90 % of the exposed organisms. Data are expressed as μL L-1; c Chi-square; (df), degrees of freedom; d 
Values in bold indicate P > 0.05. 
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Table 3. Acute toxicity of Cannabis sativa and Humulus lupulus essential oils against the 
problematic invasive species Aedes albopictus (fourth instar larvae) and Physella acuta and 
the non target species Cloeon dipterum 
Dosage 
(μL L-1) 
Mortality (% ± SE) 
C. sativa H. lupulus 
A. albopictus C. dipterum P. acuta A. albopictus C. dipterum P. acuta 
0 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 
25 0.00±0.00a 0.00±0.00a 3.33±1.67a 0.00±0.00a 0.00±0.00a 0.00±0.00a 
50 1.67±1.67a 0.00±0.00a 90.00±10.00b 0.00±0.00a 0.00±0.00a 3.33±3.33a 
100 3.33±3.33a 3.33±3.33a 100.00±0.00b 1.67±1.67a 6.67±3.33a 40.00±15.28b 
200 25.00±5.00b 36.67±8.82b 100.00±0.00b 20.00±2.89b 36.67±3.33b 83.33±12.02c 
300 41.67±8.33b 50.00±11.55b 100.00±0.00b 36.67±17.64bc 70.00±5.77c 93.33±6.67c 
400 75.00±5.00c 70.00±15.28b 100.00±0.00b 55.00±2.89c 96.67±3.33d 100.00±0.00c 
500 81.97±6.53c 80.00±11.55b 100.00±0.00b 88.33±4.41d 100.00±0.00d 100.00±0.00c 
Each datum represents the mean of three replicates, each setup with 20 specimens (A. albopictus and P. acuta) 
or ten specimens (C. dipterum). Different letters indicate significant differences (GLM, Tukey’s b post hoc 
test, P < 0.05). 
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Table 4. Relative susceptibilities of larvae of the target species Aedes 
albopictus, adults of Physella acuta and nymphs of the non-target 
species Cloeon dipterum to Cannabis sativa and Humulus lupulus 
essential oils (EOs) 
EOs   A. albopictus P. acuta 
C. sativa 
P. acuta 8.868
a
 
 C. dipterum 1.050b 0.118c 
H. lupulus 
P. acuta 2.787
a
 
 C. dipterum 1.514
b
 0.543
c
  
Relative median potency analyses (rmp) values of the comparisons: 
a
, A. albopictus 
vs P. acuta; 
b
, A. albopictus vs C. dipterum; 
 c
, P. acuta vs  C. dipterum. Values < 1 
indicates more susceptibility; Values > 1 indicates less suscettibility. Bold indicates 
significant values (95% CI ≠ 1). 
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Fig. 1 1 
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